The bipyridilium compounds Methyl Viologen and Benzyl Viologen (MV and BV) are widely used biochemically in the study of oxidoreduction enzymes. The doubly charged oxidized species, MVZ+ and BVzf, are reduced at suitably low potentials to highly coloured singly charged stable free radicals, MV+ and BV+. Many of the biochemical uses of Viologens are with membranous systems, such as chloroplasts, mitochondria, submitochondrial particles and bacteria. Despite this, the ability of bipyridilium compounds to cross these membranes has not been explored to a satisfactory extent. The double positive charge and water solubility of MV2+ and BV2+ can be expected to make these cations impermeant. Gage (1968) showed that MV2+ did not penetrate the inner membrane of rat liver mitochondria, and we have since shown that neither MV2+ nor BV2+ crosses the cytoplasmic membrane of Escherichia coli. However, it is not reasonable to extend these conclusions to the reduced forms, BV+ and MV+, in the absence of further evidence. The single positive charge of bipyridilium free radicals is delocalized, and this is reflected in their partition coefficients. For instance, the partition coefficient (water/chloroform) at 25°C of Benzyl Viologen chloride was found to be 50 or greater for BVZ+, but only 2 or so for BV+.
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We have developed two independent methods for studying the movement of bipyridilium free radicals across the cytoplasmic membrane of E. coIi. One method measures the uptake of MV+ or BV+ by E. coli under anaerobic conditions. Uptake can be terminated by aeration, whereupon MV+ or BV+ is rapidly autoxidized to nonpermeant MVZ+ or BVz+. The cells or spheroplasts with any entrapped MV2+ or BV2+ (derived from previous uptake of MV+ or BV+) can then be separated from suspension by centrifugation, and assayed spectrophotometrically for MV2+ or BVz+ by reduction to the coloured free radicals with dithionite: the other method makes use of the respiratory nitrate reductase in a cytochrome-deficient mutant of E. coli (Kemp et al., 1975) . We find that MV+ donates electrons to the nitrate reductase only in broken cells or spheroplasts: the activity is about twentyfold lower in intact cells and spheroplasts. BV+ is an effective electron donor to nitrate reductase in both intact or broken cells and spheroplasts, and the BV2+ so formed is trapped within the cells. We can conclude that MV2+ and BVZf are impermeant cations, whereas BV+ is a highly permeant cation.
These findings have considerable implications for the use of Viologens as low-potential redox mediators in redox potentiometry of membrane-bound iron-sulphur centres (Ohnishi et al., 1972~) . Three types of permeability behaviour can be recognized for a redox-mediating couple : permeant, non-permeant, and semipermeant, according to whether both, neither or only one of the redox-couple partners can cross the membrane in question (Fig. 1) . By this definition Benzyl Viologen is a semipermeant mediator. Methyl Viologen is a non-permeant mediator, although the much greater lipophilicity of MV+ over MV2+ may make it a semipermeant mediator in the long time-scale of a potentiometric titration. Fig. 1 summarizes how the differing permeabilities of Viologens used as redox mediators would complicate the measurement of the redox potentials of electron carriers in the membrane of a closed vesicle. If the reduction state of the carriers is determined spectrometrically, and they are assumed to equilibrate through Viologen mediators with a redox electrode in the outer phase, then only for a carrier located on the outer surface of the vesicle is it reasonable to assume that the redox potential Eh of the carrier is that indicated by the electrode. For carriers that are located on the inner aspect of the membrane, errors will arise that differ according to whether the Viologen couple is permeant, non-permeant or semipermeant. For the hypothetical case of a permeant Viologen couple, at electrochemical equilibrium, the apparent Eh within the vesicle is increased over Eh outside by the full extent of the membrane potential, Atp. For a nonpermeant Viologen couple, such as MV+/MV2+, carriers on the inner surface of the vesicle must either interact with the Viologen couple by means of electron transfer through natural carriers across the membrane or not interact at all. In the former case the apparent Eh of the internal carrier will be greater than that of the external carrier by the electrical potential difference, A'v, separating them. For a semipermeant Viologen couple, such as BV+/BVZ+, Eh for the internal phase will be more negative than Eh for the outer phase owing to the selective entry of the reduced partner of the couple. A superimposed membrane potential would affect this situation qualitatively in one of two ways, according to its polarity. A positive AV would cause BV+ to accumulate within the vesicle, making Eh for the internal phase even more negative relative to the outer phase. A negative Aiy would exclude BV+ from the internal phase, and thesituation would approximate to that for a non-permeant couple. These complications will be maximal when comparing the so-called ATP-energized state of the membrane with the deenergized state (Ohnishi et al., 19726) It is widely agreed that when a cell becomes malignant there is a change in its surface and in particular in the glycosylated components of the plasmalemma (Cook & Stoddart, 1973; Hakomori, 1975; Richardson et al., 1975; Wallach, 1975) . The definition of the chemical nature of these changes has been approached from several directions, but there are advantages in principle in seeking the acquisition of new features in neoplastic cells, rather than the loss of normal components (Cook & Stoddart, 1973; Wallach, 1975) ; in this paper we report the identification by isoelectric focusing of a glycoprotein which is seemingly peculiar to the surface of tumour cells.
The techniques for isolation of plasma membranes have been described (Price & Baldwin, 19740, b). They were fractionated into their constituent glycoproteins by isoelectric focusing in polyacrylamide gels in the presence of Triton X-100. It has been established that the technique does not generate micellar artifacts and that the D23 hepatoma contains a protein absent from the normal hepatocyte. This component of pI4.0 has been sought in the plasma membranes of a range of other tumours of the rat (which included various immunologically defined lines of hepatoma, mammary carcinoma, epithelioma and fibrosarcoma) and in plasma membranes of adenocarcinomata of the colon in man. Some tumours were originally chemically induced, others were spontaneous. Some of the lines studied were of recent origin, others were long-maintained. Studies were made with newly induced hepatomata and their metastases. The protein was also sought in whole homogenates of human bronchocarcinomata (of several histological types), in lymphosarcoma of the pig, acute lymphoblastic leukaemia (leukaemic tumours) of mice and the Schwarm chondrosarcoma of the rat. In each case a protein of p14 (PI about 4.15 in the mouse) was found, which stained strongly with Coomassie Blue and weakly with periodate-Schiff reagents. The u.v.-absorption spectrum of the protein was measured with a Gilford model 250 densitometer between 270 and 300nm and was similar to that of serum albumin. The ratio of absorption in this range to staining with Coomassie Blue suggested that the protein was either rich in amino groups or low in aromatic residues. A range of normal tissues of the adult rat (including liver, lung, spleen, kidney and body wall) was studied, both as whole homogenates and as isolated plasma-membraneenriched fractions, and none of these yielded any trace of the tumour protein. It was Vol. 4
